siderably good outcome even in disseminated disease. CRS and HIPEC is a gold standard treatment for PMP with excellent prognosis. However, our results could still be improved in the future.
Introduction
Karl Rokitansky was the first to recognize and describe an appendiceal mucocele (appendiceal mucinous tumour (AMT)) in 1842 [1] . Mucocele is a rare pathology of the appendix ranging between 0.2 and 0.7% of all appendectomies [2] [3] [4] . Classification and management of AMT is very problematic for both clinicians and pathologists. These tumours may disseminate throughout the peritoneal cavity in the form of gelatinous deposits, termed peritoneal pseudomyxoma (PMP). PMP is the worst complication of AMT, caused by spontaneous or iatrogenic perforation of the appendix, which comes along with a high rate of morbidity and mortality [5, 6] . Several investigators have proposed different classifications with similar terminology to describe lesions of variable biologic potential [7] [8] [9] [10] .
The purpose of this study was to evaluate preoperative and postoperative characteristics as well as long-term outcomes of patients with appendiceal mucinous adenomas and PMP.
Patients and Methods
During the study period from January 2003 to August 2013, patients with the diagnosis of AMT were identified from the Vilnius University Hospital Santaros Clinics electronic database using International Classification of Disease 10th revision (ICD-10) codes. At the first step, we searched the patient list for ICD-10 code K35. At the second step, we separated these patients as malignant and benign neoplasms of the appendix by using ICD-10 codes C18.1 and D12.1
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In Lithuania mainly one classification system is used, i.e. that of the World Health Organization (WHO), which states that any neoplastic epithelial proliferation confined to the appendiceal mucosa is classified as an adenoma. AMT with extra-appendiceal neoplastic epithelium are classified as mucinous adenocarcinomas (AMCa) and subcategorized as low-or high-grade because increasingly severe cytoarchitectural atypia is associated with poorer outcome [8] .
If PMP or AMCa is suspected, we perform whole-body computed tomography (CT) scan as well as abdominal and pelvic nuclear magnetic resonance imaging for staging.
For choosing the most appropriate procedure for different patients, we use our treatment algorithm ( fig. 1 ): if the patient presents with AMCa and if there are fluid collections within the abdominal cavity (dissemination of mucin-producing neoplastic cells throughout the peritoneal cavity, either proven by frozen biopsy or seen ad oculi), patients should undergo cytoreductive surgery (CRS) with hyperthermic intraperitoneal chemotherapy (HIPEC), as carried out for PMP. When no intra-abdominal collection is evident, appendectomy with clear margins and abdominal exploration for possible PMP should be performed, possibly taking peritoneal biopsies in suspicious cases for PMP. If margins are positive and high-grade AMCa is diagnosed, right hemicolectomy should be added.
Details of CRS and HIPEC have been described elsewhere [11] . In brief, resections were done as needed to achieve complete cytoreduction, including excision of previous scar and port sites, anterior abdominal wall peritonectomy, splenectomy, cholecystectomy, greater and lesser omentectomy, diaphragmatic and pelvic peritonectomies, stripping of peritoneum over omental bursa and porta hepatis, and visceral peritonectomies. HIPEC was performed using a closed technique for 90 min before performing any anastomoses. Mitomycin C was used with a dose of 40 mg; i.e., 30 mg given at time zero and 10 mg given 30 min later. The target outflow temperature was maintained at 41-42 ° C, which requires an inflow temperature of 42-43 ° C. The patients were transferred to the intensive care unit of the surgical ward during the first 72 h of the postoperative period. No systemic chemotherapy was later prescribed.
Clinical follow-up with abdominal CT and tumour markers was done every 3 months for the first 2 years and every 6 months thereafter. Tumour recurrence was diagnosed based on the patients' complaints, physical examination, imaging studies, and biopsy results.
Statistical Analysis
Continuous variables are expressed as median (range). Overall survival (OS) was calculated from the date of CRS/HIPEC treatment to the date of death. Estimates of survival were calculated using the Kaplan-Meier method. Differences were calculated with a log-rank test. A total of 25 patients were entered into the registry. The data collected was analysed using SPSS software (Statistical Package for the Social Sciences; SPSS Inc., Chicago, IL, USA). A p-value of <0.05 was considered statistically significant.
Results
Between January 2003 and August 2013, a total of 3,100 patients with the preoperative diagnosis of appendicitis were treated in our centre. 25 (0.8%) of these patients had AMT. The average age of the patients was 68.4 years (range: 41-90 years). 12 (48%) of the 25 patients were female, and 13 (52%) were male. The body mass index was 22.5 ± 3.4 kg/m 2 . The duration of the symptoms was variable, ranging between 12 h and 10 years, with a median of 6.8 months. Most of the patients (80%) complained of abdominal pain, while less patients had palpable abdominal mass (12%), vomiting (8%), and weight loss (8%). There was no abnormality in biochemistry or complete blood count of the patients except for leucocytosis in 12 patients (48%).
All patients were operated. The surgical procedures performed are reported in table 1. In our series, 15 patients underwent appendectomy; 2 of them had CRS and HIPEC after 4 days and 3 years, respectively, due to PMP. 5 patients underwent right hemicolectomy: 3 of them due to infiltrate in the right iliac fossa, 1 with histology of high-grade mucinous adenocarcinoma and positive nodal disease spread, and 1 had synchronous ascending colon cancer. Caecal resection had been performed in one of the patients to obtain negative surgical margins, since the appendiceal wall was contiguous with the caecum and intraoperative pathology indicated benign mucocele. 4 patients underwent CRS ± HIPEC (depending on physical state) because of PMP found preoperatively.
Histopathological findings according to the classification of the WHO, which is used in Lithuania, are shown in figure 2. Mucinous adenoma was diagnosed in 12 patients (48%), among them one with PMP; low-grade mucinous adenocarcinoma in 11 patients (44%), among them 6 (28%) patients with PMP and 1 patient in which PMP developed 3 years later; and high-grade mucinous adenocarcinoma in 2 (8%) patients.
Postoperative complications of 8 patients (32%) are as follows (details can be found in table 1): anastomotic leak after CRS and HIPEC: 1 (4%), wound infection: 1 (4%), pulmonary embolism (PE): 1 (4%), cerebrovascular accident: 1 (4%), bowel obstruction: 1 (4%), cellulitis: 1 (4%), atrial fibrillation: 1 (4%), renal failure: 1 (4%), and wound dehiscence: 1 (4%). One of these patients was reoperated and underwent repeated surgery 5 days after CRS + HIPEC for anastomotic leak; Hartman's procedure was performed. There were two postoperative deaths (8%): a 70-year-old male with synchronous ascending colonic cancer died 6 days after right hemicolectomy due to PE, and a 78-year-old male died 12 days after appendectomy due to a cerebrovascular accident. The average postoperative length of hospital stay was 14 (3-46) days. The average follow-up period was 27.2 (12-61) months. 5 patients were lost during follow-up -all of them had mucinous adenoma. 2 patients died of disease-unrelated causes. 1 patient developed PMP in the course of follow-up within 3 years and underwent CRS + HIPEC. No other recurrences were seen. The 5-year OS was 62%, as calculated by the Kaplan-Meier product limit estimate for PMP patients. Due to the advanced age and chronicity of their disease, the precise cause of death of some patients could not be adequately determined in this analysis.
Discussion
We found that the 5-year OS of patients with PMP was 62%. During the past several decades, various controversies in the field of AMT have been debated in the literature; these were mainly related to treatment options.
As in a study by Smeenk et al. [12] , we also had one case of PMP in the mucinous adenoma group. We assume that there were no signs of invasive carcinoma in the appendix, but PMP still developed later either because the primary specimen was not examined thoroughly or because there was contamination of tumour cells during the operation. Misclassification cannot be excluded as well.
There is little consensus on the optimal choice of procedure (right hemicolectomy versus appendectomy) as well as the approach (laparoscopic versus laparotomy) for the treatment of AMT. Laparoscopic appendectomy for benign mucinous tumour removal has been described (traditional and single incision [13, 14] ), but caution has also been suggested because of the risk of tumour seeding. It is probably safer to convert to an open procedure if AMT is visualized during a laparoscopic approach [2, 3, 13, 14] . All except one of the operations performed in our series were open. The peritoneal surfaces surrounding the appendix, liver, left paracolic gutter, omentum, and pelvis must be inspected for tumorous deposits or mucus. If detected, a sample should be sent for histopathologic or cytological examination. Generally, AMCa spread through the wall of the appendix into the intraperitoneal cavity and rarely metastasize to the lymph nodes [15, 16] . On this account, a less aggressive surgical approach than right colectomy has been suggested; thus, tumours confined to the appendix without evidence of peritoneal dissemination or PMP (adenoma or low-grade AMCa) are resected [3, 4, 10, 17] . We disagree with sending frozen sections for histology -the report is often very inaccurate, lacking information on the progression of the disease, and the specimen is spoilt for better elective examination. Turaga et al. [15] reported of 2,100 patients with appendiceal adenocarcinoma. They concluded that there was no therapeutic benefit of a right hemicolectomy in the setting of known node-positive or metastatic disease. Right hemicolectomy should be performed in the setting where the tumour cannot be cleared otherwise or when the need for staging is strong enough to warrant the morbidity of the operation [15] . Same results were shown by Gonzalez-Moreno and Sugarbaker [18] who reviewed 501 patients diagnosed with appendiceal epi thelial neoplasm. Now most authors agree that complete cytoreduction with HIPEC rather than debulking surgery is the gold standard for PMP treatment [13, 17, [19] [20] [21] . The main goal of PMP treatment is the prevention of locoregional recurrence rather than systemic disease. Wagner et al. [22] retrospectively analysed 282 patients undergoing CRS and HIPEC. They concluded that the extent of CRS does not affect the morbidity but prolongs the survival [22] . Recently a large multicentre retrospective study by Chua et al. [23] with more than 2,000 patients with PMP was published. The authors concluded that the 10-year OS rate after CRS and HIPEC was more than 63%. Moran et al. [24] have just recently shown a 5-year OS rate of 84% in patients with appendiceal tumours and PMP who had complete cytoreduction. In our cohort, the 5-year OS for patients with PMP was only 62%. This is worse than stated in the large studies mentioned above. There might be several reasons for a worse outcome. First of all, the completeness of CRS might be doubtful since we are only achieving our learning curve. Secondly, not all of the patients adhere to the strict follow-up recommendations and may come back with worsened disease. Lastly, we cannot obtain the exact causes of death from a single registry as we do not have such a registry in Lithuania. Thus, it might be possible that the cause of death was not due to the progression of the disease. Some authors argue for the need of CRS and HIPEC, stating that serial debulking surgeries have the same efficiency and are associated with less morbidity [25, 26] . Some authors advocate for watchful waiting of PMP if there is low grade and low spread of the disease [27] . Others advocate early risk-reducing laparoscopic CRS for some tumours [28] . Both of these studies have a short-term follow-up and therefore should be very cautiously recommended as treatments.
We had eight PMP cases (seven low-grade and one mucinous adenoma). 4 patients underwent CRS and HIPEC at our hospital (the procedure was first started in Lithuania at our hospital in April 2011). 1 patient with low-grade PMP and severe comorbidities underwent appendectomy and removal of mucinous masses only. He was disease-free for 60 months (later he was lost during follow-up). A second patient with low-grade PMP underwent right hemicolectomy and removal of mucinous masses. All patients with AMCa and PMP are followed up concerning the progression of disease for 26 months (3-61 months) on average. Current evidence demonstrates median OS rates of 16.3 years, with a 15-year survival rate of 59% [23] .
The main weakness of our study is the retrospective nature of inclusion into the database and the small size of the cohort.
We are of the opinion that all patients who have had mucinous deposits or some other signs of perforation during surgery as well as those patients microscopically showing mucus infiltration to the appendiceal serosa require at least 5 years of surveillance. In our series, 1 patient developed PMP 3 years after appendectomy performed at another hospital.
Conclusions
AMT is a very rare entity with considerably good outcome even in disseminated disease. CRS and HIPEC is a gold standard treatment for PMP with excellent prognosis. However, our results could still be improved in the future.
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